Data for 595 patients with severe aplastic anemia receiving HLA-identical sibling bone marrow transplants were analyzed to determine the effect of pretransplant conditioning and graft-versus-host disease (GVHD) prophylaxis on outcome. Transplants were performed between 1980 and 1987 and reported to the International Bone Marrow Transplant Registry. Three conditioning regimens (cyclophosphamide alone, cyclophosphamide plus limited field radiation, and cyclophosphamide plus total body radiation) were studied; none was associated with superior long-term survival. Three GVHD prophylaxis regimens (methotrexate, cyclosporine, and methotrexate plus cyclosporine) were studied. Recipients of cyclosporine with or without methotrexate had a ONE MARROW transplantation from an HLA-B identical sibling is effective therapy for severe aplastic anemia resulting in 60% to 80% long-term, disease-free survival.'-'' Results of transplants for aplastic anemia improved over the past decade.'-' Factors frequently reported to predict good outcome include younger recipient age, absence of pretransplant infections, no or few pretransplant transfusions, and use of female donors.' Other factors sometimes reported to affect survival include pretransplant response to platelet transfusions and bone marrow do~e.4.'~ Patients typically receive pretransplant conditioning designed to prevent graft rejection and posttransplant immune suppression designed to prevent or modify graftversus-host disease (GVHD). There is no large study comparing the efficacy of various pretransplant and posttransplant regimens. Initially, most transplant regimens for aplastic anemia used cyclophosphamide 200 mg/kg pretransplant and methotrexate po~ttransplant.'~ Graft failure occurred in 30% to 50% of patients; disease-free survival was about 40%. Modifications, designed primarily to reduce graft failure, were subsequently introd~ced.~.~.'.'~ These most commonly involved adding total body radiation (TBR) or limited field radiation (LFR, total lymphoid or thoracoabdominal radiation) to cyclophosphamide for conditioning.' ,(' .' Another approach was to infuse donor buffy coat cells posttransplant to improve eng~-aftment.~.'" Changes in posttransplant immune suppression were also made. Cyclosporine was introduced for GVHD prophylaxis in the 1980s.' Some studies reported more rapid engraftment and less interstitial pneumonia with cyclosporine, although it appeared comparable with methotrexate in preventing GVHD."-'" Recent reports suggest that combined cyclosporine and methotrexate reduces the incidence and severity of acute GVHD as compared with either agent alone?''.*'
B identical sibling is effective therapy for severe aplastic anemia resulting in 60% to 80% long-term, disease-free survival.'-'' Results of transplants for aplastic anemia improved over the past decade.'-' Factors frequently reported to predict good outcome include younger recipient age, absence of pretransplant infections, no or few pretransplant transfusions, and use of female donors.' Other factors sometimes reported to affect survival include pretransplant response to platelet transfusions and bone marrow do~e.4.'~ Patients typically receive pretransplant conditioning designed to prevent graft rejection and posttransplant immune suppression designed to prevent or modify graftversus-host disease (GVHD). There is no large study comparing the efficacy of various pretransplant and posttransplant regimens. Initially, most transplant regimens for aplastic anemia used cyclophosphamide 200 mg/kg pretransplant and methotrexate po~ttransplant.'~ Graft failure occurred in 30% to 50% of patients; disease-free survival was about 40%. Modifications, designed primarily to reduce graft failure, were subsequently introd~ced.~.~.'.'~ These most commonly involved adding total body radiation (TBR) or limited field radiation (LFR, total lymphoid or thoracoabdominal radiation) to cyclophosphamide for conditioning.' ,(' .' Another approach was to infuse donor buffy coat cells posttransplant to improve eng~-aftment.~. '" Changes in posttransplant immune suppression were also made. Cyclosporine was introduced for GVHD prophylaxis in the 1980s.' Some studies reported more rapid engraftment and less interstitial pneumonia with cyclosporine, although it appeared comparable with methotrexate in preventing GVHD."-'" Recent reports suggest that combined cyclosporine and methotrexate reduces the incidence and severity of acute GVHD as compared with either agent alone?''.*'
The major limitation of studies of transplant regimens in aplastic anemia is small numbers of patients, usually less than 100. The purpose of this study was to evaluate the impact of different pretransplant conditioning and GVHD prophylaxis regimens (referred to as treatment regimens) on outcome of 595 HLA-identical sibling bone marrow transplants for severe aplastic anemia. significantly higher probability of 5-year survival (69%, 95% confidence interval 63% to 74%) than patients receiving methotrexate only (56%. 49% to 62%. P < .003). Higher survival with cyclosporine resulted from decreased risks of interstitial pneumonia (P < .0002) and chronic GVHD (P < .005). Additional risk factors adversely associated with survival included infection pretransplant (P < .004), use of parous or transfused female donors (P < .005), older patient age (P < .005), and 20 or more pretransplant transfusions (P < .006). These data may prove useful in planning randomized clinical trials and in identifying patients at high-risk of treatment failure.
o 1992 by The American Society of Hematology. Abbreviations: CY, cyclophosphamide; MTX, methotrexate; CsA, cyclosporine; LFR, limited field radiation including total lymphoid radiation and thoracoabdominal radiation; TBR, total body radiation.
MATERIALS AND METHODS

Patients
plant Registry (IBMTR) between 1980 and 1987; transplants for hereditary forms of aplastic anemia or cytopenia associated with myelodysplasia were not considered. All patients fulfilled published hematologic criteria for severe aplastic anemia.' Pretransplant cytogenetic data were not reported. This study was restricted to 595 patients receiving the eight most commonly used treatment regimens ( Table 1) . The remaining 42 patients received a variety of regimens with too few patients in any one group for separate analysis. Patient and treatment characteristics are shown in Table 2 .
Twenty-six patients received second transplants; these patients were described previously. '6 Outcome variables. Graft failure was analyzed in patients surviving 2 21 days posttransplant using published criteria"; both primary nonengraftment and transient engraftment were included. Grade 11-IV acute GVHD was defined using published criteria22; patients surviving 221 days with engraftment were considered at risk. Chronic GVHD was defined by clinical criteria in subjects surviving 2 90 days with engraftment." Interstitial pneumonia was defined as nonbacterial pneumonia, characterized by bilateral diffuse interstitial infiltrates2".z4; it was categorized as early (occurring < 4 months posttransplant) or late (occurring 4 or more months posttransplant). In 84% of cases the diagnosis was proved by bronchoalveolar lavage, biopsy or autopsy; 16% of cases were diagnosed solely by clinical criteria.
Patient-, donor-, and disease-related variables in Table 3 were compared among the eight treatment groups using analysis of variance. Groups differed in proportion of persons receiving antithymocyte globulin pretransplant, numbers of pretransplant transfusions, pretransplant performance scores, bone marrow cell dose, type of isolation, granulocyte levels pretransplant, use of donor bulfy-coat cell transfusions, and interval between diagnosis and transplant. Cox proportional hazards regression models with age and year of transplant as covariates were used to evaluate the impact of treatment regimen on outcome and to calculate adjusted probabilities of transplant outcomes. 25 To identify variables, treatment-related or not, independently predicting survival, a stepwise backward elimination procedure was used. Briefly, variables to be considered were entered in an initial regression model, with time to death as the outcome. Statistically insignificant (P > .05) factors were removed from the model one at a time with re-estimation of model variables after each step. Variable elimination was stopped when all remaining factors were significant at P < .OS.
Results of regression analyses were examined for potentially confounding differences among centers by: (1) entering center size (defined as number of transplants performed annually during the
Statistical methods.
study period) as a covariate in the regression equations; (2) stratifying by center size ( < and > 10 transplants a year); and (3) repeating the analysis after randomly excluding centers (bootstrapping). Results were not affected by these adjustments; the effect of treatment regimen and other variables appeared to be similar at small and large centers.
All P values are two-sided and derived from multivariate analyses unless otherwise specified. Because of the multiple comparisons made, we considered only P values < .01 statistically significantz6 P values 2.01 and < .05 are considered marginal and presented to show trends; they should be interpreted cautiously.
RESULTS
The incidence of graft failure among 567 patients at risk was 10%. Moderate to severe acute GVHD occurred in 221 of 558 (40%) patients at risk. Chronic GVHD developed in 212 of 469 (45%) patients at risk. There were 81 cases of interstitial pneumonia; 66 cases occurred early and 15 late.
Interstitial pneumonia was due to cytomegalovirus in 30 cases, other viruses in 6 cases, Pneumocystis carinii in 4, and fungal infection in 10; 31 cases were idiopathic. The actuarial probability (95% confidence interval) of interstitial pneumonia at 3 years was 15% (12% to 19%). The 5-year actuarial probability of survival for the 595 patients was 63% (58% to 67%).
Treatment regimen. Two-year probabilities of outcomes for the eight treatment groups, adjusted for patient and disease variables, are shown in Table 4 .
Treatment regimen, when considered as a categorical variable in eight groups ( Table 4) , was associated, at least marginally, with all transplant outcomes. Probabilities of graft failure (P < .004), acute GVHD (P < .02), chronic GVHD (P < .02), interstitial pneumonia (P < .0009), and survival (P < 
P < .009).
After determining that treatment regimen was significantly associated with outcome, we next studied whether pretransplant conditioning or posttransplant immune suppression was more important by examining each separately. Conditioning regimens were considered in three categories: (1) cyclophosphamide alone (groups 1, 4, and 7 in Table 4 ); (2) cyclophosphamide + LFR (groups 2, 5, and 8); and (3) cyclophosphamide + TBR (groups 3 and 6). Use of LFR or TBR was significantly associated with decreased graft failure compared with cyclophosphamide alone; LFR was significantly and TBR marginally associated with increased acute GVHD in Cox regression models adjusted for GVHD prophylaxis and patient and disease variables (Fig 1) . LFR was marginally associated with increased chronic GVHD compared with cyclophosphamide alone. Both forms of radiation were associated with increases in the risk of interstitial pneumonia that were not statistically significant. When early and late cases were considered separately, TBR (relative risk 2.2, P < .OS) but not LFR (relative risk 1.2, P = not significant) was marginally associated with an increased risk of early interstitial pneumonia compared with cyclophosphamide alone. There was no association between radiation and late interstitial pneumonia. There were no significant differences in posttransplant mortality among the three conditioning regimens. This was true for those at high risk of graft failure, ie, multiply transfused. Radiation dose and schedule and cyclophosphamide dose, within the ranges studied (Table 1) , were not significantly associated with outcome in these models.
GVHD prophylaxis. Three regimens were studied: (1) methotrexate, (2) cyclosporine, and (3) combined methotrexate + cyclosporine. Cyclosporine alone was marginally associated with lower risk of graft failure (P < .02) and significantly associated with lower risk of interstitial pneumonia (both early and late) than methotrexate alone (P < .0002) after adjusting for conditioning regimen and patient and disease characteristics (Fig 2) . The risks of graft failure and interstitial pneumonia with combined methotrexate + cyclosporine were intermediate and not significantly different from either drug alone. The risk of chronic GVHD was similar with combined methotrexate + cyclosporine and cyclosporine alone; the risk with methotrexate alone was higher than with either of the other regimens, although the difference from combined methotrexate + cyclosporine was only marginally significant (Fig 2) . Patients receiving cyclosporine alone or combined with methotrexate had lower mortality than those receiving methotrexate alone (Fig 2) . Mortality with combined methotrexate + cyclosporine was similar to mortality with cyclosporine alone. The 5-year probability of survival was 69% (63% to 74%) with cyclosporine (with or without methotrexate) and 56% (49% to 62%) with methotrexate without cyclosporine (P < .003, Fig 3) .
The variables in Table 3 were examined for their association with survival after bone marrow transplant using a Cox regression model that included treatment regimen as a covariate (Table 5) . Risk of treatment failure (death from any cause) increased with clinically important infection in the week before transplant (P < .004), increasing age (P < .005), use of parous or transfused female donors (P < .005), more than 20 transfusions pretransplant (P < .006), and interval between diagnosis and transplant more than 1 month (P < .02). Pretransplant therapy for aplastic anemia, bone marrow cell dose, and donor buf€y coat infusions were not significantly associated with treatment failure.
Other variables associated with survival.
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DISCUSSION
There were two major findings in this study. The first is that there were no significant differences in survival among pretransplant conditioning regimens when results were adjusted for patient-and disease-related variables and for GVHD prophylaxis. Although this may seem surprising, there are few data supporting the contrary. Most studies of new conditioning regimens involve relatively few subjects and do not adjust for important prognostic variables.26 For example, increased use of cyclosporine occurred when new conditioning regimens were being developed. Thus, improved survival ascribed to a new conditioning regimen may actually have resulted from use of cyclosporine. These data indicate the importance of randomized trials. Unfortunately, none are reported with the conditioning regimens we studied. Transfusions pre-
Interval diagnosis to
Causes of treatment failure differed with different preparative regimens. There was less graft failure and more GVHD with regimens including radiation. A similar pattern of less graft failure and more chronic GVHD is reported with transfusion of donor leukocytes posttrans~l a n t .~. '~ This may result from similar effects of radiation and buify coat cells on establishment of chimerism. After limited field radiation there is little evidence of residual host cells, while after cyclophosphamide alone mixed chimerism with late marrow failure can be ob~erved.~' It may be that residual host cells suppress donor lymphocytes, an effect that can be partially overcome by infusing additional buify coat cells. Late effects of radiation and chronic GVHD are well documented in animal modelsz and, in the absence of convincing evidence for superior survival, radiation probably should not be recommended for good risk patients (ie, those transplanted early without multiple pretransplant transfusions). For patients at high risk of graft failure,'6 other methods of conditioning should be investigated in prospective randomized studies.
Our second major finding is that GVHD prophylaxis with cyclosporine was associated with a higher probability of survival. This increase appeared to result from less interstitial pneumonia and less chronic GVHD. Graft failure was marginally decreased in the cyclosporine group; acute GVHD was not affected. Interestingly, these data differ from our analysis of patients with leukemia where we found no significant decrease in chronic GVHD with cyclosporine compared to methotrexate.= The finding of decreased interstitial pneumonia with cyclosporine is consistent with prior reports from the IBMTR in aplastic anemia and le~kemia.~'.~~ We found no evidence that adding methotrexate to cyclosporine significantly improved any of the outcomes studied. These data differ in some respects from those reported from a randomized trial comparing 24 patients given methotrexate posttransplant with 22 given combined methotrexate + cyclosporine after conditioning with cyclophosphamide without radiation.*' Patients receiving methotrexate in that study had a significantly higher risk of acute GVHD than those receiving methotrexate + cyclosporine (53% v 18%). The incidence of acute GVHD with combined methotrexate + cyclosporine in that study was similar to patients receiving the same treatment regimen in the current study (group 7, Table 2, 21%); however, the incidence of acute GVHD in the methotrexate group was higher than we observed (group 1, Table 2, 32%) and than is reported in most series. The reason for this discrepancy is not known. Combined methotrexate + cyclosporine was associated with a higher probability of survival in the randomized trial (73% v 58%); these are comparable with the probabilities of survival found for the corresponding treatment regimens in the current study (80% v 63%).
Multivariate analyses indicated that several additional patient-, disease-, and transplant-related variables correlated with survival including age, interval from diagnosis to transplant, pretransplant infection, pretransplant transfusions, and using parous or previously transfused female donors. Several of these variables were reported by us and Abbreviation: CsA, cyclosporine.
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